N-phosphonomethylglycine (glyphosate) is a widely used, broad-spectrum herbicide. Monsanto Co., St. Louis, Mo., makes and sells Roundup, in which glyphosate is formulated as its isopropylamine salt. Glyphosate biodegradation occurs in soils (7, 8) with aminomethylphosphonic acid (AMPA) and carbon dioxide as the metabolites. Monsanto Co. maintains a glyphosate-degrading activity in its waste treatment activated sludges used for treating glyphosate wastes. The microbial characterizations and modeling of glyphosatedegrading activity are under study to establish activated sludge as the best available technology to meet U.S. Environmental Protection Agency pesticide effluent guidelines.
Isolations of microorganisms which utilize glyphosate as carbon or nitrogen sources have never been reported. Microbes which degrade other phosphonates as phosphorus sources have been isolated and characterized (1), yet only one laboratory has reported a microbe which metabolizes glyphosate (6, 9) . This Pseudomonas sp. grows with glyphosate as a sole phosphorus source with no accumulating intermediates (3). To date, no microbe which accumulates AMPA as an intermediate has been reported, nor have any glyphosate-degrading microorganisms been isolated from an environmental source. The purpose of this study was (i) to devise a medium for isolation of glyphosatedegrading microorganisms and (ii) to characterize the microbe(s) responsible for glyphosate metabolism in Monsanto activated sludges.
Media and culture conditions. A microbial medium with glyphosate as a sole phosphorus source was developed. Glassware was meticulously cleaned in NOCHROMIX (Godax Laboratories, New York, N.Y.). After 24 to 48 h, the glassware was rinsed in house-deionized water and then in deionized, distilled water to remove any phosphorus contamination. The Leadbetter and Foster (5) AMPA, and P043-by a modification of the accepted highpressure liquid chromatographic method for the analyses of I industrial effluent (10) .
Each sample was diluted, the pH was adjusted to 2 to 3, and each sample was injected onto the ion-exchange column (Brownlee AX-300; mobile-phase trifluoroacetic acid at pH 2.1) for component separation and flow injection analysis. Flow injection was faster than air-segmented injection. The components were then oxidized in a postcolumn reactor, and the free P043-was reacted with molybdate to form a blue complex that was quantitatively detected at 660 nm.
Microbial characterization. An isolate (GD1) from the i glyphosate-containing plates was purified by restreaking on fresh plates. It was studied by light microscopy (gram negative, bipolar) and electron microscopy (negative staining revealed a short rod). Waste treatment activated sludge samples were collected at three time intervals and stored at 0 to 4°C. Samples were streaked on a glyphosate-containing medium and incubated for 5 days at 25°C before counting.
Glyphosate was the sole source of phosphorus in the medium, and care was taken to remove all other contaminating phosphorus. Thus, it was assumed that the only colonies growing on these plates would be those utilizing glyphosate as a phosphorus source. Table 1 presents the CFU from the biosystems on the three sampling dates. I1 had the highest bacterial counts, averaging 23.5 x 106 CFU/ml. 12 bacterial counts averaged 5.48 x 106 CFU/ml through day 28 but decreased by 50% by day 50. This may have been due to a loss of glyphosate-degrading activity in the 12 biosystem at day 40. Control plates that did not contain glyphosate showed only a few pinpoint colonies on I1 and 12. These results indicate that glyphosate increased total microbial numbers. The growth of some small colonies on the control plates containing no phosphorus source was presumably due to phosphorus carry-over from the aqueous inoculum or cellular endogenous reserves. Glyphosate metabolism. A single colony was picked at random from a plate containing glyphosate that had been streaked with I1 activated sludge. This isolate was streaked on fresh glyphosate-containing medium, and a second colony was picked. This isolate (GD1) was identified as a Flavobacterium sp. (2).
GD1 was inoculated into glyphosate broth plus a control broth lacking glyphosate; growth of GD1 and the fate of glyphosate were monitored (Fig. 1) . Lag phase lasted for approximately 25 h. GD1 then began slow growth as glyphosate was completely metabolized. Nearly stoichiometric amounts of AMPA were produced. Log growth lasted for 50 h. During this exponential phase, about 25% of the AMPA was metabolized, and a small amount of PO43-was released. The control medium supported minimal growth. GD1 was also grown with AMPA as a sole phosphorus source (Fig. 2) . Growth was similar to that observed in glyphosate-containing broth in that approximately 25% of the AMPA was used as a phosphorus source to support exponential growth. Further experiments (data not shown) indicate that the presence of P043-did not affect glyphosate metabolism to AMPA but did inhibit AMPA degradation.
The metabolism of glyphosate to AMPA by Flavobacte- 
